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Both  stem  rust  and  leaf  rust  were  epidemic  on  vjheat  in  1938. 
Stem  rust  was  unusually  heavy  in  many  of  the  principal  grain-growing 
areas  of  the  Southern  and  Central  States,  becoming  particularly  de- 
structive in  central  Texas,  in  some  fields  of  eastern  Oklahoma,  on 
soft  wheat  in  northeastern  Kansas,  and  in  sections  of  eastern  Nebraska. 
In  much  of  northern  Missouri  soft  wheat  also  was  heavily  rusted,  al- 
though the  loss  was  not  so  great  as  it  was  in  1937.     The  epidemic  was 
severe  in^ the  spring  wheat  areas  on  susceptible  varieties,  reaching 
its  greatest  intensity  in  considerable  areas  of  North  Dakota.     In  other 
parts  of  the  spriing  wheat  States  rust  developm.ent  was  checked  by  the 
predominance  of  the  resistant  Thatcher  wheat,  as  in  Minnesota  and  in 
certain  sections  of  northeastern  North  Dakota,  or  by  hot  dry  weather, 
as  in  parts  of  North  Dakota  and  South  Dakota. 

Losses  to  wheat  as  a  result  of  stem  rust  were  estimated  at  10 
percent  for  bread  v/heat  in  North  Dakota  and  3  percent  in  Montana  and 
South  Dakota.     Spring  wheat  in  Wisconsin  was  damaged  to  the  extent  of 
5  percent,  while  the  estimated  loss  for  v/inter  vxheat  was  10  percent. 
In  Nebraska  and  Missouri  the  loss  also  was.  5  percent,  but  elsewhere 
losses  were  smaller.     Loss  of  oats  equalled  that  of  wheat  in  Oklahoma 
and  possibly  Kansas,  but  elsewhere,  with  the  exception  of  Illinois 
where  an  estim.ated  loss  of  10  percent  occurred,  there  vras  little  in- 
fection on  oats. 


*  Dr.  E.  C.  Stakm.an  is  head  of  the  Department  of  Plant  Pathology, 
University  of  Minnesota.    He  is  employed  part-time  by  the ■  Bureau  of 
Entomology'-  and  Plant  Quarantine,  and  is  in  charge  of  rust  surveys  for 
the  Division  of  Plant  Disoaso  Control,    L.  M.  Hamilton  is  assistant 
to  Dr.  Stcikman. 
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A  record  of  tho  epidernic  of  1938  must  begin  with  events  in  the 
fall  of  1937.     Stem  rust  was  plentiful  on  Hordeiua  jubatum  late  in 
August  1937  in  southern  Minnesota,  Iowa,  and  northcrrjnost  Missouri, 
and  also  was  present  on  late  oats.     This  Inoculum  may  have  been 
carried  southward  by  northerly  xvinds  early  in  the  fall,  for  rust  v;as 
found  on  oats  near  Guthrie,  Okla. ,  on  October  24  and  a  month  later  at 
Pryor,  Okla.;  and  Coffeyville,  Kans.    l/Vheat  also  was  observed  to  be 
infected  at  Paoli ,  Okla.,  on  October  24,  and  at  four  locations  in 
Oklahoma  in  November  and  at  one  in  Kansas.     I'/hile  summer  survival 
of  tho  rust  and  subseq.uont  spread  is  possible,  the  northern  source  of 
inoculum  appears  to  have  been  more  likely  in  view  of  the  extent  of  tho 
area  in  which  the  rust  occurred. 

Overwintering 

Although  some  of  this  infection  may  have  survived  the  winter  in 
Oklahoma  or  Texas,  no  evidence  of  survival  vjas  obtained  in  fields  in 
whi'ch  observations  were  m.ade  throughout  the  winter.  Overwintering 
occurred  in  occasional  fields  in  northern  Mexico,  however,  and  by  April, 
despite  the  fact  that  there  was  less  infection  in  general  than  usual, 
moderately  heavy  rust  had  developed  near  Sabinas  Hidalgo,  the  area  best 
situated  for  -spread  of  inoculiim  to  Texas. 

-  ;  Rust  in  Mexico 

Southern  Mexico  apparently  did  not  contribute  to  the  epidemic  in 
the  United  States  in  1938,  nor  could  it  have  furnished  all  the  rust  for 
northern  Mexico,—'^     Observations  and  collections  made  in  southern  J&xico 
in  February  1938  indicated  that  this  region  does  not  ordinarily  take  part 
in  the  interchange  of  rust  from  north  to  south  and  from  south  to  north. 
In  the  first  place,  Maro^uis  v/heat,  which  is  extremely  susceptible  to  stem 
rust  in  the  spring-wheat  area  of  this  countrj'",  has  been  grovm  in  southern 
Mexico  for  a  number  of  years  because  of  its  resistance  in  that  region. 
In  1938,  races  59  and  38  v/ere  the  only  ones  identified  from  collections 
made  in  southern  Mexico,  except  for  one  collection  of  -race  24;  and  races 
59  and  38  do  not  attack  Marquis  normally.    Race  56  was  not  among  those 
identified,  although  it  was  obtained  in  northern  Mexico  and  in  adjacent 
areas  of  the  United  States.     Furthermore,  nine _ different  races  were  found 
in  northern  Mexico,  all  of  which  subsequently  were  found  in  the  United 
States.     This  would  indicate  that,  at  least  in  I/38,  the  southern  grain- 
growing  areas  of  Mexico  did  not  contribute  inoculum  to  areas  farther  north. 

Near  the  Texas  border,  hovjever,  observations  in  February  and  April 
indicated  that  there  was  enough  stem  rust  on  wheat  to  fiirnish  the  small 
amount  of  inoculum  that  apparently  was  scattered  over  central  Texas. 

1/    S.  C.Stakiaan,  V'/.  L,  Popham,  and  Robert  C.  Cassell.     Observations  on 
stem  -rust  epidemiology  in  Mexico  (Abs.).    Phytopath.  29:     22.  1939. 
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Rust  vms  liglit  on  the  whole  in  the  grain-groxving  arc?  s  of  northern  Mexico, 
and  no  infection  at  all  was  found  in  the  Lr.^'una  area  around  Torreon.  Trace 
wc;re  observed  in  most  fields  near  Saltillo  and  Villa  Juarez  in  April;  and 
several  fields  were  heaviljr  infected  near  Sabinas  Hidalgo    -and  others  at 
Rromos  Arizpe,  Artcaga,  and  west  of  Sfiltillo.     One  yf  the  fields  at  Sabinas 
Hidalgo,  comprising  about  100  acres,  had  an  infection  of  about  50  percent  in 
severity.     This  area  was  wel^L  situated  for  dissemination  of  inoculum  by  the 
wind  into  Texas.     Tl^e  accompanying  map  indicates  these  areas  in  relation  to 
Texas.     (fig.  l). 

Possible  overyn ntering  in  Oklahoma 

The  possibility  that  rust  overwintered  in  scattered  fields  in 
Oklahom.a  during  1937-38  occurred  to  observers  v/ho  examined  fields  in 
Oklahoma  early  in  June.    Heavy  stem  rust  vjas  found  in  a  num^ber  of  fields 
n.ear  Paoli  and  Sufaula  on  June  1  and  2.    VJhen  average  field- infection  south 
of  Paoli  v/as  1  to  3  percent  in  severity,  in  a  field  just  north  of  Paoli 
there  was  up  to  30  percent  of  black  rust  in  several  centers  that  measured 
several  rods  across.     The  same  vias  true  of  a  field  near  Norm.an  in  this  same 
area,  in  which  some  plants  had  been  killed  by  the  rust.     The  sojne  type  of 
infection  was  observed  in  a  field  near  Checotah,  in  one  at  Muskogee,  and 
in  another  at  Chotcau,  while  rust  in  fields  in  intermediate  areas  varied 
from  1  to  10  percent  in  severity.     The  possibility  of  overwintering  in  these 
fields  is  supported  by  the  fact  that  stem  rust  vras  present  in  these  general 
areas  late  in  the  previous  fall  and  that  in  those  areas  where  no  rust 
was  found  in  rTovember  no  such  heavy  centers  were  found  in  Juxie.  Further- 
more, this  spotting  v;as  not  so  general  as  was  found  in  Missouri,  where 
it  presamably  resulted  from  early  spore  showers.     In  the  absence  of  definite 
evidence  of  winter  survival,  however,  such  as  can  be  furnished  only  by 
following  the  rust  from,  month  to  month  throughout  the  winter,  no  final 
statem.ent  regarding  over^-vintoring  in  those  fields  of  Oklahoma  can  be  riiade. 

Spring  Development  in  t_he  South  and  Northward  Migration 

Rust  was  first  observed  in  Texas  in  the  wheat  plots  at  College 
Station  on  February  2.     About  third-generation  infection  v;as  observed  at 
Troy  on  Mctrch  6,  and  later  observations  indicated  that  a  thin  scattering 
of  rust  had  appeared  in  San  iintonio  and  other  areas  of  southern  and  central 
Texas  at  the  same  time  as  that  foujid  at  Troy.    iToathc^r  maps  indicate  that 
conditions  were  favorable  on  January  l6  for  transportation  of  spores  from 
the  rust  areas  of  northern  Mexico  into  central  Texas.     Two  stem  rust  spores 
were  trapped  by  Mr.  LcFadden  on  January  15  at  College  Station.  Additional 
inoculum  probably  was  carried  into  Texas  about  March  4  or  3,  to  produce  the 
second-generation  rust  found  at  San  Antonio  on  March  27.    Near  San  Antonio 
there  was  considerable  early  grain,  and,  as  a  result  of  excessive  rainfall, 
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Figure  1. —  Grain-growing  areas  of  northern  Mexico 
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abundant  rust  developed  in  soine  of  these  fields  fairly  early  in  the  season. 
No  stem  rijst  was  found  north  of  Waco  by  the  middle  of  April,  although  the 
leaf  rust  epidemic  that  characterised  the  season  v/as  v;oll,  under  way  through- 
out the  State  by  April  1,     Stem  rust  infection  developed  earlier,  ho?/ever, 
in  the  Waco-Tcmple  section  of  central  Texas  than  in  the  epidemic  years  of 
1935  '^^  -'-937»  -'^^  ^'■'-s  abundant  by  the  time  the  first  infection  was  found  at 
Dentnn,   in  the  northern  s^:.c:tion  (April  22).     According  to  Mr.  I,  1,1.  Atkins, 
stem  rust  xirs  general  in  the  Denton  area  by  May  1,  about  t7;o  weeks  earlier 
than  in  the  normal  year.     Wheat  also  had  headed  from  10  days  to  2  weeks  early. 
However,  May  was  cool,  and  this  probably  prevented  heavy  damage  by  rust  in 
this  section,     'i'lnal  development  in  the  southern  section  was  about  35  percent 
in  severity;  in  the  area  north  of  Waco  ..and  Brovmwood  the  avorace  infection 
was  5  percent,  with  moderately  heavy  rust  in  som.e  fields.     Stem  rust  ?;as  not 
an  important  factor  in  -the  middle-western  section  and  in  the  panhandle. 

Centers  of  hea^/y  infection  chnracteri zed  the  epidemi-c  in  much  of  the 
winter  wheat  region  of  the  Southern  States,     On  May  I4,  when  the  average 
field  severity  in  Texas  as  far  north  as  Waco  wr.s  10  percent,  the  rust  v/as  as 
heavy  as  50  "to  75  percent  in  scattered  centers  a  rod  or  more  across.  This 
condition,  which  of  cource  is  not  unc^-Oimon  in  this  region,  a.ppeared  to  be 
the  result  of  early,  light  spore  shovvcrs,   and  was  observed  in  many  fields  in 
the  winter  wheat  area. 

On  May  11  and  12  rust  was  r-aported^/  at  Manhattan,  Kansas,  and  at  a 
number  of  places  south  of  there.     Inoculation  of  this  area  may  h-^.ve  taken 
place  during  the  pjri^d  ^^pril  27-28,  when  a  low-pressure  area  moved  from  the 
Tex-.s  panhandle  to  central  Wisconsin,  the  wind  sweep  on  the  east  side  of  the 
low  apparently  carrying  spores  as  far  as  western  Illinois.     Further  inocula- 
tion occurred  on  May  3-5,  when  a  low  moved  from  southwestern  Kansas  across 
southern  Kansas  northeastward  to  western  Wisconsin,  as  a  result  of  ivhich 
scattered  third-generation  infections  were  observed  in  Oklahoma,  eastern 
Kansas,  and  Miss-ouri  --n  June  3  and  4.     South  winds  ->n  May  I7  and  18  probably 
were  responsible  for  the  infecti-^n  observed  at  Linc-.oln,  Nebraska,  -^n  M-y  30» 
and  f'^r  second -generation  infections  found  in  southwestern  J.fissouri  on  June 
3.     New  infection  centers  f-^und  in  Missouri  on  June  4  .appeared  to  bo  the 
result  of  Yvind-bloyffi  inoculum  brought  from  the  S-^uth  on  May  25.     Field  obser- 
vations indicated  that  these  periods  of  south  wind  were  important  in  the 
winter  T7;n.eat  area,  but  on  the  b-  sis  of  results  of  slide  exposures  it  is  to 
be  concluded  th.at  sp-res  were  being  transported  by  air  at  o+her  periods  during 
May  also. 


—  0.  0,  Johnst-^n  in  the  Cereal  Courier  30:  Go,    May  25,  I938, 
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Sten  rust  appeared  later  in  vrestern  Oklahoma  and  Kansas.     It  was 
first  reported  on  vjhoat  at  I'?oodward,  Okla. ,  on  May  15,  and  was  observed 
in  Go 70  Count jr,  Kans,,  on  Juno  5. 

On  June  5,  when  the  wind  sweep  again  was  northv>rari,  there  was 
abundant  inoculurn.  in  tho  southern  wheat  belt.    Harvest  was  in  progress 
in  northern  Texas,  with  from  3  to  20  percent  of  rust  in  north-central 
counties;  nearlj^  all  wncat  was  ripe  in  Oklahoma,  with  an  average  of 
10  percent  rust  in  most  fields;  while  in  southwestern  Missouri  and 
southeastern  Kansas  the  infection  ave3.-aged  about  1  percent  in  severity. 
Primary  infection  x^jas  present  in  northern  Missouri  and  Kansas.  Spores 
were  trapped  as  far    north  as  Fargo,  N.  Dak.,  on  this  date,  and  field 
infection  was  observed  on  ^unc  13  in  west-central  Minnesota  GJid  at  Brookings, 
S,  Dak.,  and  was  present  as  far  north  as  Fargo,        D-.:k.    Although  rust  was 
first  observed  in  the  plots  at  Fargo  on  J"uno  11,  it  is  probable  that  this  was 
the  result  of  a  very  light  spore  shov,rer  during  an  earlier  period  of  south 
wind. 

Final  development  of  rust  in  Oklahoma  was  as  follows:  Rust 
severity  averaged  about  10  percent  in  the  south-central  section  at 
harvest  time,  and  ih  the  northeast  and  north-central  section;  in  the 
east-central  counties  the  rust  varied  from.  10  to  25  percent  in  severity. 
In  a  more  normal  year  an  average'  infection  of  about  1  percent  is  to  be 
expected. 

Aside  from  the  severe  epidemic  of  leaf  rust  that  Gh?.racterized  the 
season  of  1938,  another  factor  of  considerable  interest  v/as  tho  area  of 
root-rot  injury  that  extended  from,  north-central  Ok-lahoma,  in  a  strip 
about  100  miles  wide,  through  Kansas  into  southern  Nebraska.     Tlie  injury 
was  at  first  reported  as  frost  injury  by  some  observers  and  xvas  attributed 
by  others  to  various  causes.     Considerable  break-over  of  stems  occurred  in 
central  IQinsas,  being  more  severe  in  the  Caldxvell-Kingnan  area  than  else- 
where.    In  some  fields  of  hard  who-',t  95  percent  of  the  stems  wore  broken 
over,  causing  more  damage  than  rust.     A  sec[uence  of  conditions  which  need 
not  be  given  hero,  incl'o.ding,  however,  superabundant  Ivlay  rainfall  recul.tirg 
in  very  dense  succulent  grov/th,  caused  heavy  damage.     It  is  important, 
hovrcvor,  to  emphasize  tlie  fact  that  this  damage  definitely  was  not  due  to 
stem  rust , 

There  was  considerable  variation  in  the  ajTiOunt  of  rust  that  de- 
veloped in  Kansas,  the  greatest  severity  being  observed  in  sections  of  the 
northeast.     In  southeastern  K-ns-.o^    where  wheat  was  ripe  b;/  the  middle  of 
^uno,  rust  v/as  relatively  light,  varying  froia  1  to  15  percent  between 
Wichita  and  Fort  Soott,  v/hile  west  of  Vvichita  infection  was  heavier,  averaging 
about  25  percent  in  severity  at  Harper  and  Kingman.     In  the  northv/estarn 
section,  west  and  north  of  Hays,  rust  was  light.     There  was  sufficiently 
heavy  infection  in  bhc  northeastern  part  of  the  State,  however,  to  damage 
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soft  wheat.     On  June  l8.v>rhon  some  fields  of  soft  wheat  were  still  in 
the  medii.m  dough,  rust  severity  was  20  to  50  percent  in  the  area  between 
Troy,  Hiawatha,  Helton,  and  Manhattan.     Rust  also  caused  considerable 
damage  between  Lebanon  and  >arysTille ,  v-jhcre  wheats  were  later  than  in 
other  sections.     Damage  was  not  directly  correlated  in  the  various  areas 
with  severity  of  infection,  but  varied  with  the  time  of  maturity  of  the 
grain. 

The  difference  in  susceptibility  ef  hard  and  soft  wheat  is  shown 
by ■  compar at ive  readings  m.ade  at  tvjo  different  stages' of  development  in 
northeastern  Knxisas.     On  >Tune  6,  when  rust  severity  was  approximately  1 
percent  on  soft  varieties,  hard  wheat  showed  only  a  trace;  later,  on" 
June  l8,  when  vrheat  v;as  in  the  dough  stage  or  already  ripe-,  the  range  of 
20  to  30  percent  on  soft  wheat  exceeded  still  more  the  1  to  15  percent 
on  hard  wheat. 

In  Missouri,  soft  wheat  in  the  northern  half  of  the  State  vjas 
most  seriously  affected  by  rust.     Severity  reached  4-0  to  50  percent  in  a 
considerable  number  of  the  fields.     Elsewhere  there  v;as  less  rust, 
although  final  severity  in  th.;  west-central  section  between  Nevada  and 
Harrisonville  averrged  about  35  percent.     By  ripening  V'/hen  it  did  in- 
stead of  a  few  days  let or,  much  wheat  in  this  area  escaped  serious  loss, 
although  late  fields  wore  d':uTiaged  considerably.     In  the  Missouri  Valley 
section,  cast  of  i^'-^nsas'  City,  in  J-,ickson  and  Lafayette  Counties,  and  north 
of  the  river  in  southern  Ray  Count th:re  was  5O  to  4-0  percent  of  rust  in 
many  fields  that'  were  in  the  soft  dough  on  ^^une  I6.     Mmy  fields  in  the 
soft-wheat  area  ne-^ir  St.  Joseph  developed  60  to  75  percent  of  rust  by  the 
time  they  were  ripe,  with  cori.sider-''-ble  shriveling.     Damag:-  was  less 
severe  in  the  east-central  section,  but  was  heavy  in  Ralls  and  Marion 
Counties  of  the  northeast,  and  there  was  considerable  damage  in  some  north- 
Central  counties.     The  snme  difference  between  the  amount  of  rust  on  hiwd^ 
and  soft  varieties  xvas  observed  in  Missouri  as  vrs  the  case  in  Kansas. 

Heavy  rust  developed  in  Nebraska  in  ccrtr:in  fields  of  the  eastern 
section,  from  Pierce  County  south  into  Polk  County  en  the  Platte  River 
and  west  to  Hall  Co-ur:-ty.'    Heavy  rust  also  developed  in  Saline  County  and 
in  the  eztreme  southeast.    Premature  "ripening  as  well  as  leaf  rust,  hovvover, 
contributed  to  tiio.  shriveling.     (Observations  were  not  made  in  all  sections.) 

Rust  on  Barberries 

Before  rust  appeared  in  southern  Oklahoma,  barberry  bushes  in  the 
Northern  States  were  becoming  infected.     Both  pycnial  -nd  aecial  stages 
appeared  on  barberries  consider'^  bly  earlier  than  usual.     Pycnia  were  ob- 
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served  in  Ohio  on  A^ril  14;  April  15,  the  date  of  observation  in  Illinois, 
is  the  earl:'.est  on  record  in  that  State;  and  m  only  one  year  has  in- 
fection on  barberries  in  Minnesota  been  observed  earlier  than  in  1938. 
Accia  developed  during  the  last  v/eek  of  A-ril  and  the  first  week  of  llay 
in  the  territory  from  Ohio  and  Lichigan  v/est  to  Missouri,  lovra,  and 
Minnesota  (fig.2);  and  in  most  of  this  area  aecial  infection  developed 
on  barberry  bushes  from  4  to  6  weeks  before  uredial  infection  appeared 
on  grains  av/ay  from  knoxm  locations  of  bushes.    Barberries  also  rusted 
in  i'-ansas,  Colorado,  Nebraska,  K:;rth  Dakota,  and  Montana.  Spread 
of  rust  from  barberries  was  observed  on  ^hij  24  and  25  on  grasses  in  two 
counties  in  Missouri,  and  on  wheat  in  Ohio  on  M^-y  27,  on  grass  in 
Wisconsin  on  Jvme  1  and  2,  on  grass  and  rye  in  Iowa  on  Ju::e  1,  on  grass 
in  Minnesota  on  June  6,  and  on  rye  in  vVisconsin  on  0"une  6.  Following 
this,  spreads  v/ero  v;idely  distributed  and  unusually  abundant,  the  same 
favorable  weather  conditions  that  promoted  rust  development  in  general 
operating  toward  the  development  of  rust  near  the  bushes. 

It  is  becoming  increasingly  evident  as  time  goes  on,  however, 
that  the  obvious  spread  of  rust  from  infected  bushes  is  not  the  only, 
or  necessarily  the  most  destructive,  result  of  barberries.  Production 
and  perpetuation  of  new  and  virulent  rust  races  on  barberries  have  been 
discussed  elsewhere,  and  nevj  evidence  is  presented  again  in  I'y^Q  in  the 
results  of  the  physiologic  race  surveys.     There  is  also  the  significant 
and  interesting  flrj.d  of  a  large  barberry  bush  in  vjestern  Minnesota  in 
1538  which  was  located  by  following  up  the  clue  offered  by  identification 
of  the  unusual  rust  races  65  and  I47  collected  in  that  section,  and  by 
tracing  the  telial  stage  of  rust  on  quack  grass  to  the  bush. 

Slide  E'-Qoaures 

Slide  exposures  indicated  that  stem  rust  spores  were  in  the  air 
as  far  north  as  Nebraska  during  eigl\t   -eriods  in  May  and  also  dui-ing 
eight  periods,  of  from  1  to  3  days  each,  in  June.     Up  to  the  middle  of  I-Iay 
spores  vrere  not  caught  north  of  Nebraska  and  southwestern  Iov;a.  Although 
the  periods  of  spore  showers  are  not  so  sharply  delimited  as  in  some  years, 
there  are  a  number  that  are  of  particular  interest  in  connection  with 
field  observations  that  already  have  been  described.    Wind  was  south 
from  Oklahoma  City  to  Falls  City,  Nobr.  ,  on  ^'lay  3  and  4,  and  960  spores 
per  square  foot  of  ground  surface  were  trapped  at  Falls  City  on  the  3d 
and  384-  at  North  Platte,  Nobr.,  during  thij  48  hours.    During  the  period 
iviay  I6-I9  v;inds  were  north  and  northwest  from  Oklahoma  City,  and  spores 
were  '''rapped  as  follows: 
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Stem  rust  spores  apparently 

reached  Lansing,  Mich 

. ,  on  May  22 

at  the  rate  0 

528  per  square  foot,  although  there  hac 

1  been  one 

or  two  spore 

s  per  slide  ob 

served,  earlier.    On  J'iay  23, 

winds  were 

north  and 

northeast  from  Dodge  City, 

^ans.,  to  Minneapolis,  Minn. 

,  and  east 

to  Green  B 

ay,  VJis.  On 

these  tw) 

days  spores  vrcre  caught  as  follov/s: 


May 

24 

May  23 

Dallas,  Tex. 

0  z 

,616 

33,600 

Oklahoma  City,  Okla 

56 

6,192 

Falls  City,  Nebr. 

6 

,000 

1,680 

BeatricOjNebr, 

1 

,440 

328 

Madison,  Wis. 

152* 

0 

"■'First  to  be  caught  at  Iviadiaon 

On  Jime  4  and  3  there  was  a  generel  northward  wind  swoop,  already  mentioned 
and  spores  vrcre  trapped  from  Texas  to  North  Dakota,  the  number  varying 
from  18,240  at  Dallas  and  34,560  at  Oklahoma  City  (on  the  5th)  to  560  at 
Brookings  (during  the  4Pho^irs)  and  152  at  Fargo.     At  corresponding  stations 
oastxAjard,  as  in  Missouri,  Iowa,  and  Minnesota,  spores  also  v;ere  caught 
on  slides,  but  in  smaller  numbers. 

The  period  of  ^un.e  I3  and  14  v/as  outstanding  so  far  as  inoculation 
of  a  x\ade  area  was  concornod.     Wind  was  south  and  southeast  from  Dallas, 
Tex.,  to  Moorhead,  Minn,,  Bismarck,  N.Dak.  ,  and  IViarquette,  Wis.  Spores 
vvore  trapped  av=:  follcv;s: 


J\ine  13  June  14 

Texas  3,64£  13,056 

Oklahoma  9?,864  86,352  (see  fig. 5 

Kansas  154, 800  l8l,200 

Missouri  738  1,536 

Nebraska  37,2  56  17,040 

lovra  18,480  2,8P0 

Minnesota  26,688  5,568 

South  Dakota  10,800  1,824 

North  Dakota  1,248  96 
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Rain  foil  ovor  most  of  this  aroa  at  some  time  during  June  13-15:  on 
the  1,3th  in  eastern  South  Dakota;  on  the  14th  in  -^ansas,  Nebraska,  north- 
western Missouri,  most  of  Iov;a,   in  Minnesota  from  3t.  Paul  and  slightly 
vrost  northward  to  VJinnipeg  and  beyond,  and  in  parts  of  North  Dakota;  on  the 
15th  in  sections  of  the  spring  vjhoat  aroa  not  covored  previoi-islj^.  Effects 
of  this  inoculation  began  to  make  their  appearance  on  Jijuo  22  and  23  in 
fields  of  susceptible  vdioat  and  barley  from  Nebraska  northvuard  as  far  as 
southern  ^''^anitoba,  '^anada. 

Intervening  periods  in  which  spores  were  present  in  the  air  at  a 
number  of  stations,  which  will  not  be  described  in  this  report,  included 
the  following:     May  10-11,  May  22,  Ma^r  26,  May  3O-3I,  ^^^ne  1-2,  June  6, 
and  June  8-S. 

In  the  spring-wheat  area  spores  were  trr^pped  somevjhat  later  in  May 
than  was  the  case  in  the  precedirg  3  years,  and  in  general  the  SDore  load 
of  the  air  was  lighter  than  in  1137.     Furthermore,  the  largest  number 
of  spores  found  on  any  one  slide  in  June  was  less  th^ji  one-third  the 
largest  nuFiber  found  in  1935;  263,808  per  square  foot  wore  counted  on  the 
slide  exposed  at  California,  Mo,,  on  June  I3,  1938,  as  compared  with 
921,600  at  V/avorly,  Nebr.  ,  on  June  29,  1935.     ^he  first  spores  to  reach 
the  sijring  wheat  stations,  aside  from  a  fev;  caught  in  Minnesota  in  M^y  and  a 
few  questionable  spores  caught  in  South  DaJkota,  wore  fo'ind  on  Minnesota 
slides  on  June  2,  in  South  Dakota  on  June  1,  and  in  North  Dakota  on  Jione  5« 
The  first  stem  rust  in  quantity  to  come  in  was  observed  on  Jmie  5  in  South 
Dakota,  with  960  per  square  foot  trapped  during  a  4-8-hour  exposure;  on 
June  8  in  Minnesota,  with  2,496  trapped  at  Now  Ulm;  and  on  June  I3  in  North 
Dakota,  with  1,248  at  I'argo.    During  the  month  of  June,  horrever,  spore 
show-ers  were  frequent,  there  being  six  periods  in  which  spores  x^rare  pre- 
cipitated over  the  Dakotas  and  Minnesota.    Rain  fell  in  some  part  or  all 
of  the  spring  xTheat  area  on  most  of  the  days  on  vrhich  spore  showers  were 
noted,    Tvjo  periods  followed  in  the  first  10  days  of  July.    This  would 
appear  to  constitute  as  nearly  continuous  bom.bardjnent  as  might  be  expected. 
Although  the  spore  load  vms  not  so  heavy  at  a  given  time  as  was  true  in 
general  in  193"?,  t^o  total  nuiTiber  of  spores  trapped  during  the  season 
probably  was  larger. 

Slide  GXTOosures  in  the  past  have  indicated  that  fovi  or  no  spores 
are  to  bo  found  on  slides  exposed  in  Monta;-in;  this  year,  hoiirovev,  they 
occurred  in  ouantity  on  July  9--ovor  20,000  per  square  foot  of  surface. 
IT'jmbors  found  subsequently  were  siialler.     7r3  (^xtonsiorj.  of  the  epidemic  into 
northeastern  Mont^ma  already  has  been  mentioned. 
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The  leaf  rust  erjideinic  .^Iso  vns  reflected  in  the  number  of  spores 
of  this  rust  found  on  slides.     Spores  appeared  on  slides  earlier  in 
Missouri  and  ivjbraska  than  in  the  past  3  years  a.nd  were  present  on  most 
slides.     Leaf  rust  in  quantity  on  Nebraska  slides  v/as  first  noted  in 
1936  on  May  ^>1,  in  1937  on  ?/Iay  24,  and  in  1938  on  Hay  2  and  3.     Tiie  number 
on  tiny  2-3  was  about  six  ti^nes  as  heavy  as  on  M:,y  24-  of  the  previous  year. 

Spring  Mieat  Area 

Spring  grains  at  the  time  of  rust  inoculation  v;ore  in  optimiom  con- 
dition for  the  development  of  infection.     On  June  1,  according  to  "Crops 
and  Markets"  of  t'l-;  U,  3,  Department  of  Agri.culture ,  spring  grains  wore 
thriving,  their  condition  being  higher  than  on  any  June  1  since  1923. 
There  was  hca-yy  grov.-th  of  grain  in  Minnesota  and  in  sections  elsewhere 
in  the  spring  wheat  area.     During  June  tem:pcratures  were  normal  or  slightljr 
above,  but  precipitation- i/vas  uneven  and  in  some  sections  insufficient  for 
the  crop.    Above-average  rainfall  fell  in  southeastern  Minnesota,  in  the 
middle  division  of  South  Dakota,  and  in  the  western  third  of  JNSorth  Dakota, 
In  North  Dakota  showers  ^;rore  frequent  after  the  5th,  and  at  the  close  of  the 
month  soil  conditions  in  the  State  v;ere  good.     In  the  northern  tv/o-thlrds 
of  Minnesota,  however,  moisture  was  needed  by  this  time,  and  in  western 
South  Dakota  and  in  the  tapper  Jamas  Valley  there  was  only  from  6  to  10 
inches  depth  of  moisture.     Temper'iti.^res  during  July  were  slightly  above 
norm.al,  and  whore  there  was  enough  rain  the  conditions  were  very  favorable 
for  rust  development.    Temper  at  u.res  aver^-'ged  from  84°  to  87°  F.  at 
Minnesota  stations  in  the  grain  area  of  the  State  and  from  8l°  to  86°  at 
North  Dakota  stations.     During  the  first  week  of  July  showers  vrere  fre- 
quent.    Rain  fell  at  all  North  Dakota  stations  on  July  1,  3,  4,  and  3, 
and  at  somLO  stations  every  day  bctvjeen  July  1  and  11.    Rainfall  for  the 
month  was  I37  percent  of  normal,  in  comparison  with  77  and  78  percent  of 
noMial  in  South  Dakota  in  J" una  end  July, 

Under  these  conditions,  therefore,  heavy  rust  developed  by  harvest 
time  throughout  tne -spring  wheat  area,  -with  the  exception  of  those  areas 
vjhQTG  moisture  was  deficient  or  other  factors  operated  to  prevent  rust 
development,  or  vrhere  resistant  varieties  of  v/heat  predominated.  Drought 
prevented  rust  losses  in  western  South  Dakota  and  in  some  eastern  sections; 
this  -was  true  also  of  south-central  North  Dekotn  and  a  tier  of  counties 
just  west  of  the  Red  River  Valley  cotmties.     In  addition,  grasshoppers  caused 
so  m.uch  damage  in  southern  and  southwestern  North  Dakota  as  alm.ost  to 
nullify  stem  rust.     In  Minnesota  the  preponderance  of  Thatcher  wheat  kept 
the  aggregate  rust  loss  low.     Rust  was  destructively  severe,  on  the  other 
hand,  in  North  Dakota  except  as  noted,  reaching  a.lmost  maximum  severity  in 
the  southern  Red  River  Valley,  in  Pembina  County  of  the  northeast,  and  in 
sections  of  northvjestern  North  Dakota.     In  South  Dakota  the  heaviest  infection 
occurred  in  the  south-central  section  from  Aurora  County  west  to  Tripp  and  . 
Lyman  Counties  and  farther  north  from  western  Spink  County  to  Potter  County. 
Duriim  wheats  escaped  heavy  loss  because  of  their  compar-.t ive  resistance  to 
the  most  prevalent  rust  strain. 
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Phvsiologic-Race  Survey 

The  ste:ii  rust  cpideinic  in  1538  v/as  caused  priraarily  by  physiologic 
race  56,  which  \vas  the  most  prevalent  race  for  the  fifth  consecutive  year. 
This  race  vjo.s  isolated  from  83  percent  of  all  the  collections  obtained 
in  the  United  States  and  constituted  about  66  percent  of  the  isolates. 
In  reality,  probably  up\>7ards  of  90  percent  of  the  inoculum  v.-as  of  race 
56.    ITevcr  before,  since  the  physiologic  survey  vras  started  on  an  ade- 
quate scale,  has  anA'"  single  rust  race  been  so  predominant  as  race  56. 
Vslien  a  single  race  predominates  as  did  56  in  153^,  this  fact  must  be 
taken  into  consideration  in  explaining:  varietal  behavior.     Obviously  the 
durum  wheats,  most  varieties  of  which  arc  highly  resistant  to  36,  would 
tend  to  escape  damage  in      year  like  1538;  and  there  vjas  very  little  rUst 
on  them,  except  on  an.  occasional  field  of  Kuban^ka,  which,  hovxever, 
constitutes  a  relatively  small  percentage  of  the  total.  Furthermore, 
Thatcher  wheat,  now  so  commonly  grown  in  the  spring  v/heat  regions,  is 
moderately  to  highly  resistant  to  race  36  and  escaped  infection  almost 
entirely  in  I/38,  while  Ceres,  J^'^arquis,  and  certain  other  spring  wheat 
varieties  were  virtually  ruined  by  rust  in  many  localities.     It  should 
bo  em.phasized  that  too  m\ich  dependence  cannot  be  placed  on  the  results  of 
testing  varieties  against  rust  in  a  jor^v  like  I538  unless  an  artificial 
epidemic  is  produced  with  a  nuiaher  of  the  physiologic  races.  Under 
nattiral  conditions  the  results  of  the  survey  show  very  clearly  that  the 
varieties  or  h;rbrids  vrould  be  tested  for  practical  purposes  only  cgainst 
race  36. 

Although  four  other  races  wore  fairlj'-  widely  distributed  and  quite 
prevalent,  they  were  not  nearly  so  abundant  as  race  36.     They  are  given 
in  order  of  prevalence.    Race  36  was  identified  in  15.5  percent  of  all 
uredial  isolations,  race  15  in  6.4  percent,  race  I7  in  3  percent,  5:'j:id 
race  11  in  2  percent.     It  is  Lmportant  to  note  that  all  four  of  these 
races  attack  durum  wheats.    Kevertholess  there  was  very  little  rust  on 
the  most  commonly'-  grown  vajcieties  of  dunom  in  North  Dakota,     It  0hould 
be  esplrined  that  the  percentage  of  isolates  as  given  for  the  different 
racGs  merely  indicates  the  number  of  times  this  race  v«'ao  isolated  from 
rust  collections,  and  it  does  not  show  the  percentage  of  rust  in  that 
collection  belonging  to  the  different  isolates.     ^Frequently  t\vc  or  m.cre 
races  are  obtained  in  the  sajne  collection,  and  the  relative  amounts  of  the 
different  races  -^Iso  is  important,     ^uite  often,  for  example,  races  56 
and  38  were  identified  from  the  same  material,  and  r"ce  36  often  con- 
stituted 90  percent  or  more  of  the  inoculum. 

Collections  of  rust  on  barberry  yielded  the  wheat  strain  of  rust  in 
most  cases;  78  percent  -vere  Puccinia  graminis  tritici.  19  percent  were 
F.  gr-jiinis  secalis,  -"md  12.3  percent  were  P.  gramials  a  venae .  These 
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pcrcGntagos  indicate  a  docroas?;  in  tho  prcvulonce  of  tho  rye  strain  o.nd  on 
increase  in  the  oats  strain.    Raco  5^  was  most  cornr.only  isolated  fron 
barberries,  as  it  vjas  from  Vvrheat. 

In  the  identification  of  races  of  Pucclnia  grariiinis  tritici  from  b'^ 
berries,  those  Rost  coi.'itionly  isolated  vroro  as  follows:    Race  36  occurred 
in  36.2  percent  of  aecial^isolat ions ,  38  in  9.9  percent,  36  in  7.3 
percent,  I7  in  7.3  percent,  19  in  6.3  percent,  34  in  6»1  percent, 
21  in  3.3  percent,  49  in  4.9  percent,  and  11  in  4.2  percent. 


